The short distance QCD corrections to b → sγγ are calculated in the leading logarithmic approximation. The equivalence of operator basis reduction for S-matrix elements by using the equations of motion or by proving a low energy theorem is discussed. We apply the above results to the exclusive B s → γγ decay. The branching ratio of this decay is found to be 5 × 10 −7 in the Standard Model. We also found that QCD corrections modify considerably the ratio between CP-even and CP-odd two-photon amplitudes.
Rare B decays provide useful probes to the flavor structures of the Standard Model(SM) and its various extensions. Among them, the radiative decay B → X s γ [1] has recently received the most attention since it is not only within the reach of current experiments, where CLEO [2] gives an updated branching ratio Br(B → X s γ) = (2.32 ± 0.51 ± 0.29 ± 0.32) × 10 −4 .
(1) but also theoretically it has been calculated to the NLO accuracy [3, 4] with the result Br(B → X s γ) = (3.28 ± 0.33) × 10 −4 ,
in the SM. While this decay mode will be continually studied for some time, the upcoming B factories at KEK, SLAC and hadronic B projects at HERA, Tevatron and LHC offer new opportunities to study many more rare decay modes. With these facilities, it will be possible to study decay modes with branching ratios as small as 10 −8 . In this work, we focus on the exclusive decay B s → γγ, which, in spite of its small branching ratio, has a very clear signal where two monochromatic energetic photons are produced precisely backto-back in the rest frame of B s . Within the SM, the electroweak contributions to this process was calculated without QCD corrections some time ago [5] [6] [7] . The branching ratio so obtained was about 10 −7 . The calculation was later extended [8] to the case of two-Higgs doublet models(2HDM This can be understood by either appplying the equations of motion [11] or by applying an extension of Low's low energy theorem [5, 12] . In the following we shall illustrate that the above two approaches are in fact equivalent. To proceed, we write the effective Hamiltonian
where
We note in passing that operator mixings between the set, O 1 , · · · , O 6 , and the magnetic [11] . The Green functions depend on the eliminated operators, however.
The above prodecure based on applying the equations of motion has a close link with the low energy theorem derived by us some time ago [5] . Let us illustrate this with the operator
. Upon applying the equation of motion for the b quark, it is easily seen that Q 4 = im 3 bs L b R . In this new form, Q 4 gives rise to the flavor changing self energy. However this contribution will be subtracted out by the on-shell renormalization
Hence, with equations of motion one concludes that Q 4 gives no contributions to b → sγγ.
This fact is also realized by the low energy theorem. There one takes Q 4 as it is initially Such a cancellation among reducible and irreducible digrams is what was referred to as the generalization of Low's low energy theorem [5, 12] . It is clear that this theorem is essentially a verification of general arguments based upon applying the equations of motion.
With the above issues clarified, we are ready to compute b → sγγ. The amplitude can be separated into irreducible and reducible parts, as shown in Figs quark field q appearing in these operators can be external particles as well. To simplify the algebra, we apply Fierz rearrangements to four-quark operators when necessary. This rearrangement is legitimate because the γ 5 we use is simply the product of γ 0 , · · · , γ 3 . The Fierz identities we have used are
The amplitude for the irreducible diagrams can be written as
is a third rank tensor originally constructed by Rosenberg and Adler [17] ; and
Here we adopt the convention: ε 0123 = 1. The coefficients A q 's, B and C are linear combinations of Wilson coefficients and are given by L(m 2 ) = I 00 (m 2 ),
with
For the reducible diagrams, the one loop contributions with O 1 -O 6 insertion actually vanish, similar to what occurs in b → sγ in HV-scheme. Therefore the amplitude for reducible diagrams is identical to its lowest order form [5] except for replacing C 7 (m W ) by
From Eqs. (7) and (13), we obtain the total amplitude for b → sγγ. 
where the second equation is based on a constituent picture [5] that b ands quarks share the total energy of B s 1 . Therefore −p ′ should be taken as the four momentum of a constituent s quark. With Eq. (14), M R is readily made local. We then compute the amplitude for B s → γγ using the following relations 0|sγ µ γ 5 b|B s (P ) = −if Bs P µ ,
where f Bs is the B s meson decay constant which is about 200 MeV according to recent Lattice QCD calculations [18] .
The total amplitude is now separated into a CP-even and a CP-odd part
We find that
and
To obtain numerical results, we have set light quark masses to zero and used [19] [20] . The latter is much smaller than the former due to cancellations between N c C 1 (m b ) and C 2 (m b ). Because QCD gives distinct effects to M IR and M R , the relative magnitude of M + and M − is also modified accordingly and drastically by QCD.
From Eqs. (10) , (17) , (18) and Table 1 , it is clear that the magnitudes of M + and M − are almost identical, both dominated by C 7 but somewhat corrected by the suppressed By investigating various decay distributions of B → X s γγ, one may be able to extract useful informations on C 2 (µ) and C 7 (µ).
In conclusion, we have outlined the equivalence of procedure by using the equations of motion [11] and that by the low energy theorem [5, 12] to reduce the operator basis, as they are applied to b → sγγ. We have also computed the exclusive decay B s → γγ with the effective Hamiltonian H ef f (b → sγ). The branching ratio is found to be 5 × 10 −7 which is 60% larger than the result without QCD corrections. Finally we have argued that one should utilize the kinematical structures of the inclusive decay B → X s γγ to disentagle C 2 and C 7 . Work along this direction is in progress and will be reported elsewhere. 
